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viewers' Perceptlorrs of Velocity and Distance 1n Teleylsed Events 

It 

# 

ABSTRACT 

Televi'sion wide-angle lenses expand distances and increase apparent, 
velocity while long lenses compress space and reduce apparent velocity. ' 

"This study ex^ines the ability of viewers to recognize how lenses charfge 
the "real world" they Image, and extends research on children's under- 
standing of the interrelationship among time, distance and velocity to 
television. A discriminant analysis using grade lev^l and score on a media 
.knowledge test correctly classified about^O percent of those who did, and . 
those who did. not notice the effect of lens choice on televised- velocity and 
distance. As the effect of lens.chciice became more extreme,' judgment errors 

.concerning both velocity and gii stance increased. Subjects explained the 
reasons for their judgments. As expr|ssed in Piaget's developHnerttal 
hierarchy, a sjiift from concrete-to formal -operational explanations occurred 
as grade level increased. \ . ' • 



■ VIEWERS' PERCEPTIONS OF VELOCITY AND DISTANCE IN TELEVISED EVENTS 

# f 

Television brings many events into the home.^hich a child might never 
have experienced or might have experienced very differently in an inter- 
personal context. The content of these televised events has ^earned the 
attention of most media effects researchers. Developmental studies have 
ejtamined the. effects of violent content (Surgeon General's Report, 1972), ' 
sexual explicitness (Comuissipn on Obscenity and Pornography, 1970) ,^ stereo- 
type learning (Oominick and Rauch, 1972) and the like. 

The way the - television medium structures events through selected 
production techniques has been" less studied. Salomon {1979, p 55) addres- 
sing the imbalance between form and content studies notes: '• 

"assuming that the major media. of communication differ-- to a smaller 
or larger extent— in, their modes of gathering, selecting, packaging 
and presenting information, it becOTies important to examine the " 
psychological consequences W the differences." , 
And Olson (1977, p TO) COTCerned v?tth developnental issues ad^js^ 
• "The knowledge that* children acquire bears 'a direct relationship 
to. several different 'languages of experience' each of which has 
a biasing effect bn the cultures thatjuse them and on the cognitive 
processes of the children who master them." 
This study examines the ability of viewers different/ages 'to 
r^ognize how televisioh lenses re-structure velocity -and .distance in events 
imagW on television. The study is grounded in Piaget's developmental . 
theory and extends research on children's understanding of the interrela- 
tionship amoog^time, distance and velo^ly to television. 
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VELOCITY. DISTANCE AND HME * - . 

VelociV is a concept derived from interrelating informatton about time 
and distance (velocity ^ distance/ time). To an adult this mathematical 
equivalence is reasonable and obvious. Yet according to stage theorists in 
developmental psychology, this interrelationship is poorly understood by 

/ 

children (Riaget, 1969, 1970). ' , - 
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Piage't argues that cognitive development proceeds through stag« .whfch 
,appear in an Invarian.t order. The final stage, formal-operational . 
characterises adult thought and e.volves around the age 'of eleven. Formal ■ 
operations imply an uhderstanding of abstract, logi co-mathematical relation- 
ships oi^ which velocity » distance/time is an example (Beard, 1969). ,The 
concrete-operatioftal stage precedes the formal -operational stage and is . . 
dOTiinaJted by a reliance on perceptual information anti not logical congni.ity 
{Flavell, 1977). • ' , 

Piaget (1970, p 38) describes a^child's growing understanding of the 
■ velocity, distance and time interreTationship as "tjie gradual passage from 
intuitive thinking, still tied t;o the information of the senses, toward 
operational thought which forms the basis of reasoning itself." He goes on 
to conclude: "the essential problem studied is^moving from image-uaing or 
•perceptual intuitio^i^to the forming of operational systems" (Piaget, 1970. 
p 39, enphasis added), • ^ ' 

The difference between concrete- operational thought arid formal- 
operational thought can be seen in the different judgments iJeople make when 
asked to interrelate time, distance and velocity... An individual us-ing 
^ formal operations treats -the task a? a problem of inserting values into a 
pre-existing equation.. In other words, if time and distance are known, then 
velocity is determined and that detenrfi nat1 on Is used to make sense of 



ERIC 



W / / ? 

perceptual Information by balancing that equation. Solutions that fail to. . , 
irteet the logical' demands of the equation are rejected as impossible. 

An .individual using concrete operations has not established the logidal 
framework in wh^ch to-cast his or her observations. A user of concrete 
observations does not, apply a pre-determi n6d solution and does not demand 
, that the observational data conform to the solution. Rather, the tenuous 
and'inpomplete understanding of the interrelationship among time, distance 
and vel oci.ty.xan* be overridden by what appears to be the case in th^^ingle 
instant^ under consideration. 

The transition from Concrete-operational to formal -operational thought 

• ' • - ^ 

is studied by devising problems for: children of 'different ages that rely^ on 
tfie .".child's understanding of velocity, distance' and timber solutioji. For 
.example, two ceramic dogs are ''run" -around two concentric circles, with one 
circle having a piadius twice that of**fhe other,^ Both dogs start off at the 

t 

same time and "run neck and neck," arriving at the finish line* together. 

^ Adults indicate th^t the dog in the outer l|ne must have gone faster . 
because it covered more distance in the same length of^time. Children 
younger than eight typically center on the equal starting and finish points^ 
of the race and the side-By-side racing of the dogs and conclude the race was 
a tie (Piaget, 1970)/ ^ ^ • - • t 

Another task inrvolves two dolls ^attached to a single wire rod pivoted^ 
in a circle about a point. Since the rod joins both dolls there is a 
strong appesrance that the dolls are fnoving together at' same speed. 
Yet, as with the dogs, the outer doll rmist. tTe traveling more quickly to ~ 

cover the greater outside arc in equal time. Pre-formal -operational child- 

>^ ' • * 

re'n-have great difficulty understanding this conclusion (Piaget, 1970). 

4 " 

, ' Current researchers (e.g. , -Siegler and Richards, 1979; Levin, 1979, 1977; 
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Prendt and Woods, 1974) have follGwed'in the Piagetian tradition of asking'/ 
, cWldren to watch an event and then make a time, distance or velocity 

judgment. These judgments and subsequent^ explanations are used as indicants 
of the child's level of cognitive development. In all of these past studies 
the children have .ba|ed their judgments on nonmediated materials. In the 
present study the materials are first mediated (and modified)' by a television 
camera lens. 

- 

■ ' LENS EFFECT ON VELOCITY AND DI^ANC£ 

"Television's normal lens produces images'nearly equal in size and angle 
of view to Images produced by the unaided human eye (CoHisweet, 1970). Other' 
• lenses see the world differently. For example, long, lenses (focal lengths 
greater than normal) compress space and reduce apparent velocity while. wide- 
angle lenses (focal lengths less thannormal) extend distances and increase 
apparent veloci^ rela'tive to the nOnnal lens (Monaco, 1977). Thus, special- 
, effects films optically expand tabletop starship battles to fill all of 
space. And, children's conmercials taped through wide-angle lenses make toy 
cars look faster and. model homes more expansive than they will on the living ^ 
room carpet (Vision Films, 1976)., .-^ 

The visual, information that specifies depth and velocity on a television 
screen, consist^' of: (1) the three-dimensionality and movement that existed 
inVth^ event when it was taped, and (Z) a lens eff^t , or modification of 
depth and velocity that depends on the difference in focal lengths between 
thfe television lens used and the human .eye. ' . * ' 

• The effect attributable to a lens' focal length is'easily illustrated. • 
Image size (I) depends on -the size of the object (0) Imaged, the focal 
length {fl)of the imaging lens, and the distance (d) between the object and 

y . \ . 

\ - , 
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the lens. These variables are related as I * 0 x fl/d (Hor^r, 1976). 

If a wide-angle, normal,' and long> lens are positioned diffe^nt dis-tances 
i^rom an object, the three' image sizes of the object can be presented as- 
identical. Still photographs are inherently ambiguous in presenting.^ize- 
distance relationships (Hagen, 1974), and without knowing the' focal length of 
the imaging lens, a viewer cannot accurately estimate the dis'tanci separating 
an object from -the lens (See 'Figure 1).- ' ' 

FIGURE 1 ABOUT HERE 

Visual perception of physical reality is not ambiguous in terms of size/ 
distance relationships because the focal length of a persoa's eyes do^s 
not change. However, in television the focal length of the lens often 
changes. In a very real sense, judging distances and velocity on television 
is analogous to trying to drive a car while looking at the world through 
binoculars of unknown magnification power. 

How the focal length of a lens influences apparent velocity can be 
illustrated by movement of the object pictured in Figure 1\ If' the object 
moves towaifd the three lenses at a fixed rate of ^ speed, the three images will 
change at different rates, giving the appearar^ce that the velocity of the 
object is different. The apparent velocity is "fast" when presented by the 
, wide-angle lens^ equivalent to the rate of change as seen by the unaided eye 
' when imaged by the normal lens, and **slow" when taped through the long lens. 
Th^ differencestn apparent velocity *are caused by changes in perspective 
as the object moves toverd the lens. If an object jnoves at^'a fixed rate 
of speed, its change in image size increases as it moves closer to tjje 
imaging lens.. A comparison of distance/ velocity relationships among three 
lenses offering different perspectives is illustrated In Ffgure Z. 

■■ ' ■ 8 



FIGURE 2" ABOUT HERE ' 



From Figures 1 and 2 one can s^e that a viewer who is unaware of the ' 
focal length of ^the imaging lens has no frame of reference for accurately 
judging distance .and velocity in televised events. 'Before judging 9etoctty 

% 

and distance orv television, a viewer must determine the focal length of the 
lens producing the .image. If unaware^of the lens effect on velocity and 
distance, a viewer might assume^a normal lens was used {just -as the viewer' 
would sefe it if he were standing beside the camera during taping), 
f However, it has been shown that wide-angl-e and long lenses produce, 
velocity and distance relationships that differ from normal; and viewers who 
assijme the perspective of a normal lens will be misled if the scene is 
photographed by a wide-angle or. long lens. ' , ^ 

EXPERI^€NTAL HYPOTHESES - • ' 

This study examines whether yi-ewers of different ages -are ,awar^ that 
^ diffe^nt lenses manipulate the apparent velocity and distance of events, 
presented on television. In developmental ^studies, experience as well as age 
IS an important predictor of performance on many developmental ly-sensitive 
tasks. In this study experience with visual media was measured with respect 
to personal use of me^a tools (i.e., skills as a photographer, videographer) 
and (2) viewing* ski Us (i.e., the ability to extract information from, a' 
televised presentation). 

* 

The specific questions addressed in this study are: 
1. Does focal length of. the lens influence a viewer's judgment of 
' velocity and distance in a televised event? 
aT Is the perceived velocity of a moving object greater 
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•when photographed- by a short focal -length lens than- 
• when the same nwtton is, photographed by a long focal- ,^ 
length lens? • ^ \ 

b. . Is percejved distance vdthin a scene" photographed by a 

short focalrl^ngth lens greater than the perceived distance 
if the san^ scene is photographed by a long focal-length 
. * lens? 

c. Does the magnitude of error In estimating velocity and 

distance correspond to the magnitude of difference between 

* ' '■ 

focal lengths of comparative lenses? ■ i • 
2. ^Do age 'and experience with visual media facilitate recognition^ a 
lens effect on velocity and distance? 
. a. Are older viewers more likely to recogntze this effect? 
• b. Are viewers who have experience with the tools of the visual 
media more likely to recognize this effect? 
c. Do viewers who exhibit skills in viewing, televised messages 
also exhibit greater recognition of this effect? 
> 3. Do* explanations for velocity and distance judgments among viewers., 
of different age groups conform to Piaget^s hierarchy of cognitive 
' 'development? 

METHOD ■ * . 

Subjects 

Subjects for this experiment were 76 males and 71 
class suburban school provided 46 third-grade subjectsL An additional 47 
seventh-graders came from a different 'middle-class suburban school and 54 
subjects were undergraduates' enrolled in a Conimjnfcajti|3n course at a western 

■ 10 



females. A middle- 



University* These. grade levels were chosen to represent persons in 'the 
concrete-operational, in transition from concrete- to formal -operational and 
formal -operational stages, respectively. The average a^e of the third- 
'graders was 103 months (SO » 4.2 months) and for the "seventh-graders the 
average age was 151 months (SO = 4.3 months). ' 
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Apparatus ' ' 

A five-foot length of Lionnel train trac-k (width = 1 inch) '.was laid down 
and bordered by four equally-spaced toy bi 1 1 boards . -and twelve equal.ly-space* 

4 \ 

plastic telephone poles. A trestle was placed at the beginning of the track 
and a railroad crossing was set at the end of the track. All materials usq^ 
were Lionnel-scale in size. ' - . 

^ First' a blue Lionnel engine (length = 9 inches) and then a black Lionnel 
engine (length = 9 inches), traveled ^the track, cov^riog the'tive*foot 
distance in* exactly 3*5 seconds. Each' train began at the trestle and exited^- 
the field of view after passfn^the railroad crossing. The trains were 
identical except for color. ' * 

Each traTin ran the length of track t^ree times jind was videotaped WTth 
an IVC 300 television camera (1-inch tube) outfitted with a 15nin-150inn zoom " 
^ens. On the first run of each train-, the lens was set at 15nm (wide-angle) 
to record the train's travel. In the second run the setting was 30inn (normal) 
and 1n the third run the lens was set eOimi (long). In each taping the 
trains ran di recti y^tfiward the camera lens with the camera positioned so 
that the lens looked slightly down on the track (this angle was held constant 
for each taping). ' - ^ \ 

\The perspectives (distances between tlie camera lensN^nd theVailroad 
* crossing) were manipulated so thaf in each taping the linage sizes of the 



trains 'wej^ identical at the point wh6re the train i^ssed the railroad 
crossing. Changing camera perspectives, to keep the image sizes of the trains 
identical, at thejrailroad crossing (the end'point) necessarily created 
differences- in the image sizeS'.at the trestle (the starting point). In the 
wide-angle Jens condition the initial image size of the train was one-hall* of 
its final size. .In the nonnal lens condition the initial'image size was 

c 

two-third^ of its finil size and in"j:he-long lens condition* the initio % image 
size- of the train was four-fifths of i;ts ^inal size. 

The change i'nyimage size is expressed as the ratio of the endj-point 
image size to, the starting-point image size. Thus the image size of the 
tra^n recorded by the wide-angle lens doubled (1/ 1/2) , the image mapped by 
the nonnal lens increased 1.5 time^ (1/ 2/3), 'and the long lens recorded an 
increase' in Image size of 1.25 (1/ 4/5) times. Figure 3 shows the model 
layout and the camera positions actually used in taping. 

♦ * 

FIGURE 3 ABOUT HERE 

* "^""""^ _ 

These videotape segments were*edfted toge^r using a split-screen - 
technique to achieve four dSmparisons: (1) a train photographed ^rough a 
wide-angle lens compared with a train photographed through a long len^ (WAL), 
(2) a-' train photographed through a wicle-angle lens compared with a train 
photographed through a nonnal lens (WAN), (3)* a train photographed through a 
nonnal lens compared with a train photographed through a long lens (NL), and 
•,(4) two tJ^ins photographed through a normal leD?.(NN). > 

Thes^ four conditions present duplicates of an event imaged si<|^-by-side 
in different ways^ 'The differences in the images represent a range of lens 
-effects. The most extreme lens effect is*- produced, in Condition 1 in which 
the image siie of the" train taped through the wide-angle lens doubles while 



t^iejmage size of the train taped through the' long 'lens increases ohly 1.25 . 
times, Condi f ion '4^5 the control condition' as. the -changes in image sizes 
are identical for each-traini. Table 1 presents' jiie relative l;ens effect for; 



each condition/. ' . ( 



TABLE 1 'ABOUT HERE ' 



Anotfler videotape segment in which a car and a truck racjsd for fifty 
yards was also prepared. In the first race botti vehic-les started from the. 
same point, at the same time, and crossed the f|»nish line together. In the 
Second rajir^' both started together from the ^ame point but the car crossed the 
finish line fifteen yards ahead of the truck. Both races were taped using a 
normal lens. 

' ■ .-■ • ■ ' • 

Procedures ^ 
Subjects were individuany tested at their own. school 'in a room which 
housed a#17-1nch color monitor linked to a videocassette playt^k unit/ Two 
desks were positioned five feet in front of the monitor. The two trains 
which had been videotaped and .two sections of train track were located on the 
experimenter 's/Jlesk. This provided the subject with three-dimensional 
•references fdr the images they were Sbout to' see on videotape. T^^^asure- 
liient instrument, a cardboard rectangle on which two speedon§ter dials clivided 
into 16 equal pirts and two distance scales (replita^ of the train track) 
divided' into 16 equal sections with Finish XI ne marked at^ne-end, rested on 
the subject's desk. ^ ^ ' K 

P The experimenter told the subject that he had videotaped races between 
■^'j^r a«i4ia truck and that. he wanted' the subject to show him with the dials 
which vefiicle had traveled farther and faster. It was stressed that all 



races could be ties and that either vehicle cottid be ^faster and at the same - 
time" cover a shorteY* distance. 1/ . . ■ 

* The subject was toU each race would be run twice and jfhat after the ' 
second presentation tjie experimenter would show the.subject how fas' t and far 
the truck' had traveledv The subject's task was to show the relative speed 
and distance traveled by the car. The subject was taught to indicate- equal 
speeds and distanced/by matching the.expeVimenter's dial settings. Subjects 
also learned that nearly equal dial settings meant that the speeds and' 
distances' covered by the. vehicles were nearly equil and that greater dif- 
ferences were shown by more disparate dial settings. ' '.■ 

For each of the two races the experimenter selected 8 tor.indicate the 
slDeed and distance traveled by the truck. Subjects who understood the dials 
matched the experimenter's settings for the tie-race and set* the velocity 
dial somewhere between 9^ and for the race in which the''ca/ beat the truck. 
Any anibiguities regarding the measurement instpjirients w^r^ cleared up during 
these practice trials. All but two thi rd-gr><lers graduated to the next ^ 
rounsl of *^ testing. 

Before the train tests began, subjects were reminded that all naces 
could.be ties and tha'f' any combination of faster-slower,^ longer-shorter were 
possible in the races*. They were reminded that the two trains, on the desk 
in front of the expe»*imentei; were the ones us-ed in taping, the equil size of 
the trains was pointed out. 

The order of presentation of the* conditions: (1) wide-angle versus 
long, (2) wide-angle versus normal,- and (3) norma Ij/ersus long was balanced 
.across subjects. The control condition, (4) normal versus normal, was always 
presented last. Th^ color of the train presented by the comparativeiy wider- 
angle lens and the side of the screen on which the train taped through the 

'14 
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relatively wider-angle lens were-*also balanced across subjects. These 
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precautions were included to make i^t difficult for a subject to hypothesize 
that one of the trains \!(as a'lways* faster or that the faster train always 
appeared on one side' of the screen. - 

After the second presentation of each condition the experimenter would 
stop the tape and position of his speedometer dial on 8 and his'distance 
token on -8^. The subject wduld then position his or her dial and token. The ■ 

difference between the experimenter's settings and the subject's settings. #^re 

'^i- 1 ' ' \ 

recorded for both velocity and distance. - * - 

The fifth race in the series of six was presented three times, although 

* . ' ft ' 

a subject's judgments were recorded after the second presentation. The added 

presentation in the fifth conditio^ was used to probe how the subject 

» » » 

reasoned in detennining his or her judgments. * ^ 

After the images of the two trains appeared on the screen for the third 
time but before they.be^an ^[o move the experimenter. placed the videocassette 
player in .pause mode. Then the experimenter asked the subject to restate his 
or her distance judgment. A subject's distance judgment necessarily fell 
into one of threa catjegoriesi (1) the train imaged by the comparatively 
wider-angle lens covered the greater distance', (2) the train imaged by the 
comparatively longer lens covered the greater distance, or (3) the two trains 
covered .the "same distance. 

Within each category different explanations for the comparative 
di stance" jAidgroents were given. Those who indicated that the train imaged 
by the canparatively wider-angle lens covered tl^ greater distance supported 
this, observation with scm variation of: (a) It was smaller {in image size) 
so it must Kave been further back. 

Those who felt the trains covered the same distance responded: (a) the 
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trains were sitting side»by-s.idg in tHe picture^ (bO different lenses made 
the train imaged by the v1der-angle lens look farther back but they were 
actually side-by-side, ot^ (c) "it looked that way." 

Few^jects felt the train imaged by the longer lens was further 
away. Tn^ir explanations fell into two categories: (a) the train imaged by 
the longer lens was closer to the top of the picture so it was further away, 
or (b) "it Jo^t lo^s that way." 

After the subject had explained h^s or her distance judgment the * 
experimenter pressed the play button and the trains traveled down the track 
and out of the picture. 

In judging vel<Scity, subjects had responded that: (1) the train imaged' 
by the wider^angTe lens had»traveled faster, (2) the trains had traveled at 
the same speed, pr (3) the train imaged by -the comparatively longer lens had 
traveled at the faster speed. ' 

Within each category of velocity responses, different explanatfbns were 
offered', for those who chose the train imaged by the "comparatively wider- 
angle lens asw.f aster the following explanations were offered: '(a) it caught 
up'-'with th6 strain imaged by the comparatively longer lerts, (b) it covered 
more distance than the train imaged by the longer lens dlW in the same ' 
length of tima,'"' (c) it 3 ust' looked that way. 

Thase who felt -the nelative velocities were equal responded: (a) they 

started at the same time and stbpped at the same time so the speeds were 

equal (i.e., they confused time with velocity), (b) different lenses made the 
» - 

apparent velocities different but the velocities of the two trains were 

■ ■ ' •» 

actually the same, or (c) it looked that way. 

Few subjects selecjted the train imaged by the comparatively longer lens 
as faster. Several said: (a) "it looked that way V One subject replied: 



(b) "It was filmed In slow motion 's,o it really went faster!" 
^ * Comparing a subject!s velocity explane^tion with his or her' distance 
explanation, provided insight regarding' the cognitive level exhibited- by, 
the reasoning presented. Because those at the formal -operational level of 
cognitive development display an understanding of logi co-mathematical 
relationships, and si-nce both trains^ traveled for the same length of »time, 
subjects *whd responded that one train had covered a greater distance had to 
respond- that the same train traveled f^ter to be categorized as formal- 
operational. Similarly, a distance judgment of "equal" had to be paired with 
' a ve-locity judgment of "equal" if formal operations were used. 

On the other hand, a subject was considered in the concrete-operational 
stage (i.e., overwhelmed by perceptual information) if he or she* failed^to 
balance the velocity = distanqe/time equation. Judging one train to be - 
.faster and concurrently, judging the other to cover a .greater distance or 
that both trains coverecf'the same distance Is logi cally impossible. A. subject 

» I , » 

' using concrete operations could easily accept this incongruity^ if he or 
she centered on distance information and ignored the velocity information. 
Similarly, velocity information could convince the subject centering oh speed ' 
that the wider-ang-le. train was faster while the subject still ignored the 
apparent difference tn distance. 

Within the' category of forma) operations, onejnore division' is meaning- 
ful. Some viewers said that differences in^the .lenses used in taping 
. . - created apparent differences in distance and velocity that did not exist in 
'fact. This group of formal 'Operations users is labeled sophisticated be- 
cause they exhibited an understai^ng of the production technique used in 
creating the videotapes. The ether set of i^ormal operations users who ^ 
equated their distance and velocity estimates is labeled nrWe. They had 
•/ - - 1 ' ■ ■ ' 
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-not noticed thfe Tens. effect but still had roade logical . (mathematically- . 
balanced) sense of the perceptual information on which- their judgments were 
based. • • 

A v'ery small number (n « 5) oi^ the subjects responded ^iosyncraticaHy, 
The^ were labeled other to indicate they fell outside of- the anticipated 
categories. Table 2 presents the parameters of the response pairings that 
led to the different classifications. 



TABLE 2 ABOUT HERE 



After responding to the six videotaped races, subjects took two tests 
designed to measure their experience with the media. The first test. con- 
sisted of 'n'infe questions, relating to the subject's use of the tools of 
pictorial media. Of. interest were such things as: "(1) type of camera used 
(e.g., 3Smra, Super-8, television), (2) frequency of use (e.g., rolls o-f film 
shot) and (3) sophistication of the equipment used (e.g., existence of inter- 
changeable or'^ zoom lenses). This pa*t of the test was individually 
administered to the third- and seventh-graders. Adults responded in^mall 



'J 



groups. ' ' « 

The second test was the Television Information Game for Commercial 

Messages (Copyfight 1978, James A. Ande'rson and Hilton E. Ploghoft). In 
'this test, viewers answer fW questions relating to ten one-minute videotape 

commercials. . 

The questions appiear on the screen one at a time. Several multiple 

choice answers appear with each question. An annbuncer reads the question 

^nd the answer choices. Subjects mark the number of the answer to indicate 

their choice. Small groups pf eight to ten students took the test at one. 

time. ' They were seated three Across in three or four rows. 

v . . 18 ' ■ 



The Television Information .Game 1s designed to measure the ability of 
viewers to understand te],ev1sed information. The questions are content- ' 
or1<ented although some address production techniques such as camera posi- 
tioning as well. PrMuct f^me recognition and slogan recall are covered by 
•the tejJi^ Inflttier qu^tltfns, viewep are asked to go beyond the information 
presented and inxer such things as the .occupation of characters or the 
relationship between ajfootball star and the sponsor of the conmerclal in 
which he appears. This\eSt was used as a measure of subject's knowledge 
gained through observing ^the medium. 

To diminish the likelihood of subject fatigue, thfe Television Information 
Game was administered" several days after the videotaped races and Media Use 
Test. Consequently,- subjects participated in two sessions, each of which 
lasted ap^^ximately thirty minutes ^For all sessions a friendly atmosphere 
was maintained. 

RESULTS ' , • \ . 

LenS' Effect on Velocity 
If focal length of a lens influences viewers' judgments of velocity, • 
the data should indicate more jud^rit errors in the experimental conditions 
than in the control condition. A- correct velocity judgment is one that 
indicate both trai^ traveled at the same speed. In the control condition,.' 
96 percent of. the subjects judged the ve.locity of the two trains as. equal. ' 
In the experimental conditions', the percentag^.-trrvl ewe^s who correctly 
judged the velocities of the two trains was inversely relatec^ to the size of • 
difference between focal lengths. Oy^ll, 66 percent o/ the subjects judge^ 
the velocities as equal in the NL oondition. In^'the WAN condition, onTy 58 - 
, percent of the subjects judged the veracities as equal.* The pen^entage of ^ 



correct responses fell -to 43 percent in 'the WAL condition. 

- To assess whether this distribution was Jikely due to chance, Cochran's 
correlated proportion procedure was used/ The joint f||guency distribution 
was^conjposed of eight cells that crossed four* levels of condition (WAL. WAN, 
"NL, NN) with two levels of judgment {same, different). The "^chi -square va^lue 
associated with this distribution is 153.4 (df=»3, p< .001). This resuljt 
suggests that the introduction of a lens effect does induce velocity judgment 
jerrors in subjects. 

Lens Effect on Distance 
Analysis^ of the distance data shows a pattemyimilar to that found with 
the velocity data. As with the velocity data, 96 percent of the subjects 
judged the distance traveled by the two trains as equal in the control 
condition. As the difference between the compared focal lengths increased, 
the percentage of subjects who judged the distances ^s equal decreased 
accordingly. While 51 percent of £he subjects correctly, judged' the train 
distanced as equal in the NC condition, this percentage of correct responses 
dropped to 42 percent -in the WAN condition and to 29 percent in the WAL 
condition. 

Cochran'' s correlated proportion procedure was again used -^o determine if 

■ N V 

this pattern represented more than random error. The chi -square test 

res ultingr from analyzing the' joint fr9quency distribution of distance judgm|fits 

was '210.8 (df»3; p< vOOl) suggesting that the lens eff^:|!^1d influence the . 

subjects' judgments of distance.' ^ ^ 

• " . •■ . ' t 

Recognition ofr*Leris Effect 

A subject'^ age, experience with the tools of the visual medi-a, and 

skills in processing visual Information were predicted to be related to. the 
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'subject's ability to recognize the lens effect. Those who noted the lens 
effect were labeled sophisticated . Those who did not recognize the lens 
effect* and responded as' if there were differences in relative velocity and 
distance, were labeled naive . Fiye subjects were classified as other to ' 
indicate they did not fit the definition of either sophisticated or naive. 

Discriminant analysis was used* to identify variables useful in 
-classifying sophisticate4 and naive viewers. Data from subjects cT^ssified 
as other were not used in this procedure. Grade level was used as an opera- 
tional) defiriition of ag6, the Media Use Test identified experience with tools 
of the visual media, and*the Television Information^Game 'score was used as an 
operational definition of visual information processing skills. 

1 

The variables were entered into the discrimirfant' function using a step- 
wise method designed to minimize the residual variation (SPSS, 1975, p 448>. 
Grade level and Me'dia Use Seor.e were selected for the discriminant function 
but the Television Information Game Score failed the F-to-enter criterion 
and was not included . - - ^ ' 

With two variibles entered into the discriminant function, 85 percent 

r 

of the sopjiisticated viewers and 78 percent ' of the naive viewers were 
correctly classified. The discriminant function is: 

f . D = .9 (Grade level) + .22' (Media Use' Score) • * , 

Wilks' Lambda was employed to determine the level of significance of -the 
discriminant f uncti on .^The resultant Wilks' Lambda=.67 with ah" associated 
chi-square equal to 54 (df=2) was significant at alpha < .001. 

The re*jlts of the discriminant analysis indicate that younger viewers 
are less likely to notice the lens 'effect than ar^older viewers, and that 
viewers with higher media experience scores more often notice the lens effect 
than do viewers who score low. on the Media Use Test. 



21 



± 



\ 



* ^ I 

Magnitude and Direction of Velocity Judgment Errors 
This study also examined whether greater differences between, focal 
length^ of canpariS?3n lenses induce greater judgment errors and whether this 
error is In the direction of attributing greater speed to the train imaged by 
the relatively wider-angle lens. With these questions in mind, a repeated 
measures analysis of variance was used to test for significant differences 
across conditions using data from the 101 naive subjects. A trend analysis 
was then employed to show the direction and magnitude of the relationship. 
Cochran's C test showed the velocity data violated the homqgeneity of 
variance assumption (C»,567, df=4, 100; p< -01) so Hotelling^s T was chosen 
as the appropriate test statistic^ Hotelling^s T^^ test does mt require 
symmetry of the variance-covariance matrix; only "that the populations have 
multivariate normal distributions- (Kirk, 1968, -p 143) • It provides an exact 

test of the null hypothesis-. For the velocity -data, a Hotel ling's T of 153 ' 

J 

was computed; the associated F=37 with 4 and 97 degrees of freedom was 
significant at the alpha < .001 level. 

Hotefling's T was followed by Dunnet's Multiple Comparison procedure to 
establish confidefice .intervals for the following three pairs of means: 
^ (1) wide-angle versus long with wide-angle versus norWl (WAL-WAN), (2), wide- 
angle'versus normal with normal Versus long (WAN-NL) , and (3) normal versus 
long with normal versus normal (NL-NM), Table 3' indicates that the dif- 
ferences between^ all treatment means are statistically significantv, and ^Iso 
presents th^ results from a trend analysis • The trend analysis shows that 
36 percent of the variance iit the velocity data js accounted for. by treatment 
effects. . 



TABLE 3, ABOUT HERE 
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Magnitude artd Direction of Distance Judgment Errors 
Parallel que^ions wece* c(yisidered using distance d#t$.^ -Again; whether 
greater differences between the focal lengths of. comparison^lenses tinduce 
greater judgment errors and the^ direction of those errors were of interest. / 
Hotelling's was again used and its value of 284 with an -associated 
F=69 (4, 97) was significant at alpha < .0"6l. Dunnefs Multiple Comparison 
procedure was applied to isolate 'differences between treatment means> Table^ 
4 shows that differences between treatment means are .statistically signifi- 
cant. The. corresponding trend analy;s1s shows that trealanent effects account 
for 52 percent of the observed vai^iance in the distance data. 



•TABLE 4 ABOUT HERE 



■ Cognitive Level by Grade 

A final issue concerns how well the. data that describe a subject.'s 
"cognitive level donfonn to the pattern predicted by Piaget. Piaget explains 
cognitive development as a passage through stages that appear in an invariant 
order. Experimental work has suggested that most third-graders are concrete- 
operational and that most adults use formal -operational patterns. The 
transition from concrete-operational to formal -operatiional thought occurs 
in early adolescence* generally around the seventh grade. 

Table 5 relates a subject's grade level to his or her level of cognitive 
developraenf as detemined in. the questioning that foil owed .the presentation 
of the third expe H men taV condition. In this table, formal operations is ,. 
further divided into formal-naive and s-ophlstl sated. This "presentatl-on 
format clarifies the results* of th'e discriminant analysis showing that most" 
of the sophisticated viewers lare college-aged. Additionally, the shift from 
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concrete-operational to formal -operational thought can be seen. Whereas most 
third-graders rely on concrete operations, the distribution of .responses by 
.seventh-graders shows the transition to formal operations is well underlay 

by this age: All but one adult demons trated^th^ use of formal operations 

• ■ 

on^.this task (see Table 5). 

TABLE 5 ABOUT HERE 

-f 

To further interpret the data in Table 5, a chi-square test was used. 
Jo meet the assumptions of the chi-square test, the data were collapsed into 
three categories- of cognitive development: (1) sophisticated, (2J formal-naiVe, 
and (3) concret^perational . The concrete-operational category rep.resents 
the combination of the concrete velocity and concrete distance categories. 
The five. subjects classed as other were not included in this finalysis because ^ 
the explanations given for their- judgments could not be interpreted within 
Piaget's framework. - ^ ' , 

The data were collapsed since the validity of chi-square is questioned 
if more than 20 percent of the 'eel Is in the joint frequency distribution 
have expected' frequencies of less than five (Siegel , 1956, p 178). Combining 
adjacent categories (e.g. concrete velocity and concrete distance) was^- 
deemed the preferred approach to overcome this limitation (Siegel, 1956,, 

P 178.). ' " .• ' ... 

With these categories combined, the" resulting Grade Level by Cognitive 
'Level distribution (3x3)*'generated a chi-square value of 7.13 (df=4, p< .001). ■ 
The asyrtmetric lambda associated with this distribution is .31 wi^ Cognitive 
Levelt^s the dependent Variable. In other words, knowledge of a person's ; 
grade level increases the likelihood_of correctly predicting that person's . 
cognit'ive level by 31 percent (SPSS, 1975 p 225). » 



DISCUSSION . . 

•The results of Jihis study suggest that 'the focal length, of a lens 
influences how. a large percentage of viewers perceive, velocity and distance, 
in .televised events. In three conditions in which images photographed by 
lenses of different focal lengths were compared., 147 subjects were asked to 
judge velocity and distance. Of the total .441 judgments, 192 ( 44%) of the 

* judgments indicated greater perceived' velocity^ in the scena^maged by the 
wider-angle lens. A^rpss the same three 'conditions, 59 percent,of the total 
judgments indicated greater perceived distance in^the wider-angle image. In 
contrast, only two percent of^ al 1 judgments indicated that subjects perceived 
greater velocity In the image photographed by the longer lens, and only orfe 
percent of the judgments represented the train imaged by the longer Tens as 

.traveling the greater distant.. , 

Viewers w.ho judged velocity -and distance as equal across comparisons " 
of ten. defended their judgment by saying that even ±^ugh the wider-angle * 
image appeared to have greater depth, and velocity ^Sls impression was 
created by using lenses of different foca.1 lengths. This correct observation 
e.arrted 28 percent of the subjects the label- of sophisticated to indicate that 
they noticed how television production techniques influenced the presentation 

'of three-dimensional 'scenes as two-dimensional images. If the judgments of 
the sophisticated viev<^rs and those five subjects classified as other are 
excluded, only 44 percent of thT^03 judgments Indicated the velocities were 
equal and 24 percent so .indicated regarding depth. ^ ' 

Several reasons are possible for a subject concluding that velocity and 
distance were the same in both images. 'First, the trains started side-by- 

side in the television frame _and exited the frame at exactly the same'point. 

i 

If the subject ignored the difference in image size, the fact that the trains 

{. 

. ■ ^ 25 



covered the same amount of screen space would suggest equal distance. Under 

this assumptfon, the conclusion of equal velocities is also warranted si.nce , 

the time of travel was identical in both cases,. ^ 

Another reasonable exp'lanation for subjects, judging velocity and distance 
' ■ - ' ■ ■ ♦ . ' 

as equal is that the experimenter consistently indicated the speed and 

distance of oqe train as 8 on the measurement instrument regardless of which . 

i^iage he was judging. Since. the subject indicated his or her measurement 

after the experimenter, the subjecl.could be^ replicating the experimenter's' . 

judgment rather than responding td,-xhe stimulus information presented on' the 

screen'. 

More interesting in a^eoretic^l sense, than tjiose who judged velocity 

'^and distance as equal, are those v<ho conformed to. the prediction that the 

wider-angle image would be perceived as having- greater velpcit^^and depth. 

These subjects apparently c^entrated on the relative image size of the two 

trains and ignored the differen^jprspective gradients manifested by -lenses of 

different .focal lengths. In other words, these subjects relied on -distance 

ark, velocity information 'as if they were watching the trairfs run without 

viewing them^ through tlje intervening cfamera lens. 

/ ~" • ' . 

It is interesting to notice that in all three experimenta] conditions, 

more subjects made judgment errors on distance than on velocity. In the 
comparison between ti\k widerangle and long lens, 56"pfei^5int of the 147 sub- 
jects indicated that the train photographed by the widp-an ^ ipns tt^ avplAd 
fasterrand 71 percent-tehoHght it traveled farther. Wheh the wide-angle image 
was compared to the normal image, 41 percent thought the train photographed by 
.the wide-angle lens ran .faster » and 67 percent indicated that it traveled 
farther i In the normal versus lon^conditlon,.'33 percent of the subjects ' 
indicated that the trairitimaged by the normal lens traveled faster, and 47 



percent indicated it traveled, farther. ^ ^ 

Why distancfeJnfonnation should be more perceptually ccbpelling is not 
altogether clear. The, possibility is that the misleading information con- 
cerning distance^ is redundant while that concerning velocity is not. Distance 
in this case, was specifiedjby the size gradient of the equally-spaced. bill- 
boards, telephone poles and train track, as well as from the movera^t of the 
train downihe track. Objects that are f af* away appeir^ to move more slowly . 
than when close. In contrast to this redundancy, jffij^city through space Is * 
defined only by the rate of change in image size of-the moving object. • . 

Regarding the correspondence between the magnitude of difference between 
foc4l lengths and the magnitude of error in velocityand distance estimates, 
one cautfon must be introduced r'egarding the strong lineartty of the data-. , 
This study represents a fjXed-model ANOVA, over a restricted range of possible 
lens effects. The maximum difference between. focal lengths was 4 to 1, since 
tl?e wide-aiwle lens was-tfrfe-half the focal length of the normal lens, and 
tte long lerfe was twice the focal length of the nonnal lens-. "Although the 
long versus wide-angle comparison induced the largest number and magnitude. of 
jtidgjnent errors, one"^ld suspec^ that at some point, extremely. long or short 
focal-length lenses would draw attention to the fact that a "special" lens 
was being.' used.* For example, lenses ^of extremely short focal lengths produce 
a "fish eye" effect in whfch straight lines appear curved and the image size 
of nearby objects is markedly exaggerated relative to the image size of more 
distant objects. At extreme focal lengths, viewers would probably notice 
.the unique perspective and image-size' relationship and would be less likely 
to attribute difference^n the images to differences in the original scene. 

The dHcrimlnant analysis suggests that aij Individual's agejs a key 
predictor of the likelihood that he or she will notice the effect of lenS 
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focal length on depth and velocity. While 65- percent of the college students • 

used in ti\U study were , classified as sophisticated, onT^ eight'percent of 

the sjsventh-graders, and. five percent of*the third-graders wefe so classified. 

Unfortunately, grade-level (or age) is only a descriptive variable and noti 

' explanatory in nature. Restated, these results tudicatfe that the capacity to 

obser^ye the effect of lens focal length improves with 'age, but the results do 

not identify what sklUs or aptitudes lead to this ability. 

• ^ , 

It seems reasonable to assume that this ability .may improve w^th ex- 

\ periehce in using thti tools of visual media, and this was the rationale for 
creating a 'test to measure it. ■ - 

Although the nine-<iuestion experience test has face validity, the slight 
improvement in classifying sophisticated and naive viewers afforded by its 
• inclusion in the discriminant function is troublesome. Either this test does 
not fairly measure experience wi'th the tools" of the visual media or experience 
'is not r relevant variable. In other words, there may be Jittle or no re- 
. lationship between experience in taking pictures and how one perceives them. 
Picture perception ni^be based on aptitudes or skills that develop through 
systematic interactloiy, whether from an art appreciation or from a hands-on 
approach. - ? ^ 

^ , Finally I the data from this study have extended research in the 

Piagetian tradUion to the study of television. Results of this study con- 
firm a progress ioa-^roin concrete-operational thought to fbr^l -operational 
thought-as predicted by Pt,fget. Of most interest is that this progression 
was evidenced on i mediated task rather, than on a taste directly perceived. 
. While over one-ham" of the third-grade subjects conformed to a concrete- 
operational interpretation of ^the •stimuli , all but" one of the adults used 
formal operations. Slightly over one-fourth of the seventh-graders 
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denwnitrated concrete-operational thought and assessed velocity^and distance 
Independently. * 

i 

A standard interpretation of Piaget's h i era i;chy' would suggest that nearly 
^n, rather than slightly over one-half of the third graders should be using 
'concrete operations (Beard, 1969). I^lavell (1977) offers a 'possible explana- 
tion .for. the large percentage of third-graders classified, a^ formal-opera- 
tional. He argues th^task characteristics can either facilitate or inhibit 
the appearance and use of different modes of reasoning. In this task, the 
perceptual informati on 'suggested that the train imaged -by'^the wider-angle 
.lens traveled farther and traveled faster. Consequently, the experin»ntal 
situation encouraged a formal -opera tional solution; I.e., the balancing, of 
the velocity » distance/time equation. If the 'experimental materials were 
created such that a conflict, between velocity and distance were "established, ' 
fewer third-graders w^ld be likely to demonstrate formal -op'era tional thought, 
For example, a tpafn that actually traveled faster could be made to app'ear 
slower on videotape by photographing it through a long lens. On tape, one 
train would appear to travel faster and cover a shorter distance at the^same' 
time. A formj^l-'opera tional th^n^cer would have to expla'in this videotaped 
occurrence as an illusion created by the media. One would expect that a much 
•greater majority of third-graders would revert to concrete operations ^nd 
simply assess velocity and distance independently. , > 
The speoilatlon regarding how a change in the stimuli might induc^e young 
viewers to interpret it differently goes to the heart of the representational 
nature of television. Perceptual information can be manipulated in many ways 
using 4)roduct1 on techniques. A viewer solidly entrenched in the formal- 
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Operational Stage is almost forced to conclude that an "impossible" ,telev1sed 
occurrence Is, fictional and created "through the manipulative power of the 

29 



medianr., A concrete-operational viewer' Is not compelled to reach, tt^r same ' 
'conclusion. The televised in^rmatlon 1^ salient Independent of the logical 
constratfits an adult viewer brings to the experience of watching television. 




SUMMARY AND CONCLUSIONS 

SuWects from third-grade, seventh-grade and college-age levels 'were y 
asked to judge the comparative- velocity and dlstl^etraveled by two trains 
presented'ion v1d^ape> In each of four comparlsons.^e velocity ahd distance 
traveled by both trains were equal, but photographing the trains with lenses 
of different focal lengths produced apparent differences between the velocity 
and distance traveled by the trains. » 

Children were more likely to interpret the el^ect of I6ns focal length as 
actual i^fferences in velocity and distance traveled between the two trains. 
Adaljts more often explained their judgments on the basis that lenses of 
different focal lengths were used to produce the images of the trains. Never- 
th^less, 35 percent of the adult sample failed to notice the use of different 
lenses. ^ ..^^ ^ 

A second thrust of the'^study was to determine if viewers reasoned about 
television Images as they do about the three-dimensional world in which they 
live. "Piaget has described the developmental sequence by which individuals 
.come to Onderstand the interrelationship among velocity, distance and time. 
He concludes that by adulthood, persons. have come to rely on logical .congruity 
in their environment. However, to children, perceptual information can be so 
compelling that individuals' deal with it outside of logical constraints; ' 
pearance dominates the need for conceptual integrity. 

In' t^s .study, subjects at different ages gener*al1y conformed to Piaget's 
expectations. While adults gave perceptual, judgments that wei^ congruent. 
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many third-graders judged velocity and distance independent of one another and 
ignored iny resultant logical contradiction in their "answers. The Hwltribu-* 
tion of the responses of the seventh-graders was as predicted;' some were ^ 
fomal-operational thinkers while others remained in the concretes-operational 
stage. 

In an effort to see if viewer judgments were proportionally 
the difference ifi focal lengths of the -imaging lenses, three conditions were 
prepared in which the ratio of the focal lengths of the len|.es that were com- ^ 
p$red di1^.ered. The ratios represented comparisons b^tweei^.a nd^^al focaV- ' 
length lenS, a wide-afigle lens and a long focal-length lens* , The results 
indicate that within the range of lenses used, larger differences between fbcal 
lengths resulted in greater judgment errors for both velocity an^ distanc^. ' 
On. the basis of^this study » the following conclusions are offered: 
K For mai^^^^wers of televised events,- judgments, regarding velocity 
' and distance are influenced by the focal length of the camera leYis. 

2. If an event is pjjotographed through lenses of different focal 

- * lengths, more viewers perceive velocity to be greater fn the wide- 
' angle image. 

3. Similarly, a wide-angle image is perceived to have greater depth 
than an image of the identical event photographed througfi a. long 
lens. 

4. 'As the difference between the focal' lengths' of the- tvra lenses - 
increases, the difference in perceived velocity and distance 
increases. 

r 

■ 5. Adult viewers are more likely 'to-notice that appareftt di-i^ferences 

in velocity and distance on television are caused by- the lens 
« ■' ' ' ^ ' ' <l 

focal length than are seventh-graders or third- graders. • 
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: 6. As^asured-1n. thi? study, experience with "the tools of visual 
media Js only slightly related ttf the Ulcelihood of a viewer 
rfepo^izing how lens' focaJ length influences veloci.ty and . 
t distance 'on television. . v 

^ s 

7. As measured in this study, skills in processing the content of 
. visual messages is hot related to the likelihood of a viewer ^ 
recognizing how lens' focal length influences velocity and disbnce 
on television.. - * 

. 8. V/hen asked" to demonstrate their understanding of the interrelation- 
ship among time, distance and velocity on. the basis of televisfed 
information, adults provide logically consistent explanations. 
A significant -number of seventh-graders and even more third- 
graders do qpt\fully understand how" time, distance and v&locity 'are 

^ interrelated: This lack of understanding was danonstrated by 

• velotity and distance jud^ents which were not lijgically cons-istent. 
This 'evidence suggests -that perceptual intuition dominates a need 

- ' for logical cpngruity in the reasoning of young viewers. 

» s » 

Directions for Future Research 
One catch-phrase of good television production values is that the 
production technique used should riot draw attention to themselves. Directors 
work t0;help viewers, forget the camera; to help their fudiiences "suspend 
disbelief,.,* ' This-^tudy;- suggests many viewers do 4ccep^ the, caniert as th^ir 
stand-in at events and 'ignore the effect of lens' focal length in modifying ^ 
the true spatial characteristics of televised events. . ■ 

Another aspect of. television production which deserves very close .• 
scrutiny is the editing process~an activity by which a television director 



» 

makes inferences across time and space for viewers. It seems linjikely that 
these inferences are -equally meaningful or obvious to vipers of all ages. , 
Televi'sion editing determines the logical relationships available to the 
viewer^f>much as the focal length of a lens determines the t^erceptual informa- 

tion available to' the viewer. Especially within the context of Salomon's 

^ ' . > I ■ 

(1979) and Olson's .(1977) renja'rks that opened this paper, editing techniques 

• deserve special consideration (see Collins et -ah-, 1978 /or one .promising 
approach). 

In many ways the production of a television program separates a viewer 
from the televised evenj^ as much as it brings the viewer to the event. The 
^subtleties of this process are amena'ble to scientific e;y>eri mentation and 
deserve further attention. - 
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30 end 
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fl=focal length d=d1 stance 
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Fig. 2. Apparent velocity and distance are both Influenced by the perspective/image-size 
relationship. ./ 
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C ' ■ • ' . _ ' ■ _ ' ^ * , 

' . (^1g.. 3. Jcfiematlc of stimulus itoterlal and camera positions. 
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TABLE 1 
LENS* EFFECT COMPARlSOfh 



r 

condition 



„ . JCradiul 

Triin 1 ys.vTrain 2 Image Siz& 



iQcrease 1^ . Increase in 
JCnaiiul*^*^ . Train 2's 



linage Size 



Relative^ 
Len's Effe^ 



l(WAL) 
^(WAN) 
3(HL) 
4(NN) 



.W1de-9ng1e vs. Long 

. " y ' ■ ■ 
Wide-angle vs. Nonnal 

Konoal Vs. Lojig - 



Normal vs. NonoaK 



2:q times 
2.0 times 
1,5 times 

* 

1.5 times 



1.25 times 
'1.50 times 
1.25 times 
1.50 tilfles 



,2/1.. 25 = 1.60 
2/1.50 « 1.33^ 
1.5/1.25 » 1.20 
1.5/1.50 = 1.00 ' 



■q 
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TABLE Z> 






/ 


m^M\(% OF COGNITIVE CATEGORIES 


\ •> . 




Recopnized 
Lens' Effect 


UaY 4 ^If/flic i*anr*a 

ve 1 oc 1 ly/ Ul s Lance 

Judgments 
Logically Consistent 


ITeTocUy 

Exceeded 
Experlraenter's - 


Distance 
Judgment 
Exceeded 
Experliienter's 


Sophisticate 


Yes 


) 

Yes 


.No 


No . 


Nalve/Fonaal v » 


, No 


Yes 


Yes 


Yes 


Hal ve/Concrete/DI s tance 


' No • 


No* 




Yes 


V» \ ----- - 

NalveVConcrete/VelodI ty 


No 


No ' 


Yes ^ 


No 


Other* 


No 




No 


No 



1 



Judgnients contrary to expectations. Various explanations offered.. 
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TABLE 3 

DUHNET'S COHFIOeNCE NERVALS AHO TREND ANALYSE FOR VELOCITY DATA 

W^-^^ W-^ • ' • MS^'2.00'- , 



« 




i 


• 9^ 






SOURCE 


SS 


df • 


MS 


F 


PROB ^ 


HEAN 


284.0 


1 


^284.00 


~ 142.00 


.00 


EBROR 


200^10 


100 


2.00 






R(]) 


143.0 


1 


143.00 


93.00 


.00 


ERROR 


153.0 


100 


1.53 






R<2) 


1.1 


1 


1.10 


2.75 


.10 


ERROR . 


.40.0 


100 


.40 




1 




\^U2 


1 


1.20 


2.3i 


.13 


ERROR 


1 52.0 


100 


.52 






R 


f 145.3 


3 


..48.40- 


59.00 


' .00 


ERROR 


245^ 


300 , 


.82 
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' TABLE 4 

i 

OUNNET*S CONFIDENCE INTERVALS AfO TREND ANALYSIS FOR DISTANCE DATA 
' ^AL"^*®* ^AN°^-^^ • V*^'*®^ MSg«3.16 

;^^^m - ^NL ^ *?(a=.01 j4,100)-2-68 

;.42f„L, -T„^S1.52 _ ^V.01;4,100)'2.68 



• SpURCE 


SS 


df 


MS 


F 


PROB 


, MEAN 


768.0 


1 


• 768.00 


243 


.00 


ERROR 


316.0 


100 


3.16 






R(1) 


396.0 


1 


^96.00 


189 


.00 


ERROR 


209.0 


100 


2.10 








.7 


1 


.70 


.92 


.33 


£R(U>R 


^ 77.5 


100 


.77 

* 






R(3) 


3.6.^' 


1 


3.60 


4.44 


.04 


ERROR 


81,0 


100 








R 


400.0 


3' 


133.00 


109 


.00 


ERROR 


367.5 


'300 


1.22 







TAKE 5 
COGNITIVE LEVa BY GRADE 



FORMAL OPERATIONS 
Sophisticated Nalve/Forsal ^ 



CONCRETE OPERATIONS 
Distance Velocity 



OTHER 



COIUGE 
7 th GRADE 
3rd GRADE 



TOTAL 



35 
4 
2 

41 



7 



\ 




18 
30 
16 

64- 



1 

13 
15 

29 



8 



8 



0 
0 
5 
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